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ABSTRACT}  Tliie  r«pc»rt  contains  preliminary  ii^Tormatior/ 
on  the  uee  of  enhydroue  alUBlnum  chloride  to  aooelerate  the 
reaction  between  orgenio  acid  ohloridea  and  2,2^2otrlnitrt)« 
ethanol  under  mild  conditions. 

This  reaction  is  a  neceasary  step  in  the 
preparation  of  a  new  olass  of  experimental  hl|^  explosiires 
under  aotire  derelopomct  by  the  Bureau  of  Ordnance. 
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”lMFROm>  MEmm  FCm  IBB  PREPAHATIOM 
OF  BSTSRS  OF  2,2^.2«'IRIHnROK1!RAIKtt.'’ 
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1*  SsterlflaatAoii  of  organlo  ftolds  mth  2«292<»trlnltro«- 
ethanol  was  flrat  aooonpllihaa  in  19^3  1>F  Dr*  Rudolf  Sohomk 
and  other*  of  the  Stato  Institute  for  Natal  Cheadstxr# 

Karhurgt  Qmmm  (referanae  1).  In  this  eountry  %tm  Haroules 
PoMdar  Coopanr  (raferanoa  2)  has  r^aatad  the  psaparatl«:i 
of  aost  of  tha  astars  raportad  Sohmk  luid  praparad 
additioxial  ones*  Soot  of  the  2«2,2»trdU!iitroathanol  esters 
are  of  o<»isidarabla  intarast  as  new  high  «splo*iras  baoausa 
of  thair  high  oaqrgan  oontant  and  good  Uimial  stahHity. 

In  addition  eartian  of  then  hara  polpnarlsation  propartias 
Nhioh  are  baing  inrastigatad  for  propallaat  aospoaitioiiB 
and  others  may  ba  useful  as  axplosira  vaa^.  Butootio 
formation  \rT  triiiitrorbhjrl  4,4«4<»triiiitrobut7rata  and  bis 
(trinitroawl)  suooinata  and  axoallimt  thermal  stability 
at  120<>C  has  lad  to  further  studr  of  these  tao  astars  ar 
new  oastabla  hi|^  axploaiTas*  tEhay  are  now  in  pilot  pl.jat 
produetion  by  tha  Naugatuok  Chaadoal  Division  tha  ih;itad 
States  Rubber  Conpanjr  under  BuOrd  oontraot  (rafermoea  3)* 

2.  This  r^ort  contains  prallsdnary  information;  on  tha 
aooalaratiag  affect  of  aidipdroiia  aluBdimr.  ohlorida  rn  tha 
rata  of  reaetion  bamnan  2»2«2»trinitroathaaol  and  urgBidc 
acid  ohloridaa  under  olid  oonditKms,  Diia  raaotirm  ia  a 
nacaaaarar  step  in  tha  preparation  of  such  compoiffldit,  but  haa 
haratofora  bams  earriad  wit  vmdmf  difficult  or  dar^garous 
cmiditimis . 

3*  The  reactive  properties  of  the  OH  grow  in  2,2, 
trinitroethanol  are  greatly  dacrsased  by  the  t^nttrcosthyl 
grotqp*  Cmaseuuently  fonoation  of  its  esters  by  the  usual 
aathoda  from  organic  acids  or  acid  anhydrides  Is  difficult 
and  not  gansrallf  applicable*  Their  preparati.ui  has  usually 
been  aocoiflpliahsd  by  heating  trinitroethanol  with  an  organic 
acid  chloride  wllAiout  a  solvent  aadium  at  taai>araturas 
ranging  from  25^  to  135^  for  savaral  hours*  Trinltroathmpl 
asters  prepared  by  tha  Haroules  Powder  Oonpan/  (rafarmioa  2) 
by  this  iDs^od  include  tha  bansoata*  acata^*  oyanoaoatataf 
acrylate*  salicylate*  oalmnata*  succinate*  glutarata*  adipate* 
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phthalate,  4»nltrophthalate«  and  terephthalate  •  The  rate 
of  reaction  of  trinltroethanol  with  acid  ohloridea  decreased 
greatly  when  a  solvent  was  used  to  dilute  the  reactants 
and  few  preparations  have  been  successful  when  carried  out 
in  this  aaimer.  Ho  prodtict  was  obtained  by  the  Aerojet 
Engineering  Corporation  (reference  4)  when  mesaconyl  chloride 
was  reflinced  with  trinltroethanol  In  methylene  chloride  or 
ohlorofom^  and  only  a  small  amount  of  a  product  was  obtained 
when  xylene  was  used  as  a  solvent.  Vhen  fumaryl  chloride 
was  heated  with  trinltroethanol  in  tetrachloroethane  at 
141®  for  2  hours  j  no  resctiwi  resulted  (reference  5). 

However#  the  Naugatuck  Chenlcsl  Division  of  the  United 
States  Rubber  Company  (reference  6)  hsis  obtained  bisCtrinltro* 
ethyl)  succinate  by  dissolving  suooinyl  chloride  and  trlnltro* 
ethanol  in  bensene  and  refluxing  for  five  hours  with  p-tolu- 
enesulfonlc  acid  catalyst.  Trinitroethyl  acrylate  haa  been 
prepared  from  acxylyl  chloride  and  trinltroethanol  by  16 
hours  refluxing  in  bensene  with  p«>tolueneBulfoitie  acid 
(reference  ?)• 

The  classical  chemical  method  of  ainple  esterifloation 
of  free  acids  by  rilcobols.  when  attempted  with  trlnitro- 
ethanol  using  mlntral  acid  catalysts#  reqiuires  very  long 
reaction  periods.  The  Aerojet  Engineering  Corporation 
(reference  8)  has  prepared  trinitroethyl  methacrylate  in 
5^  yield  by  reacting  trinltroethanol  and  methaorylio  acid 
for  98  hours  in  reflxixing  bensene  using  sulfuric  acid  catalyst. 
The  pr^>armtlon  of  trinitroethyl  acrylate  in  the  same  manner 
required  five  days  and  nighta  (ref«penoe  9)-  In  this  labo* 
ratory  bi8(trinitix>ethyl}  succinate  was  obtained  in  33^  yield 
by  direct  esterification  in  refluxing  bensene  for  300  hours 
with  p«>tolt]eneBulfcnic  sold  catalyst  added  intermittently. 


Previous  woxk  on  the  catalytio  esterification  of  acids 
by  trinltroethanol  hat  been  confined  to  the  use  of  strong 
aeids#  such  as  sulfuric  and  p*toluencsulfonlo  acid  as 
catalysts.  These  have  been  far  from  satiafaotory  from  the 
stttslpoint  of  yield#  reaction  time  and  applioability  to 
large  aeale  pr^uotioci.  Direct  reaotimx  of  an  acid  chloride 
aisl  trinltroethanol  in  the  abaence  of  a  solvent  at  elevated 
teeperatures  makes  even  large  scale  laboratory  preparation 
unfeasible  because  of  the  danger  of  explosion  Inherent  In 
the  me^iod.  Also  tiom  of  the  above  methoda  waa  easily 
appUosble  to  preparation  of  esters  of  a^^#  beta  unsatu¬ 
rated  dlcarb^iyllo  acids.  Prom  this  situation  arose  an 
Interest  in  finding  a  catalytio  msthod  which  would  afford 
easier  and  safer  laboratory  preparatioivshloh  would  extend 
eaterlfleati^  to  prevlbusly  unreactlve  acids  and  which 
would  bs  applicable  to  pilot  plant  production.  Consideration 
of  a  t9P9  of  catalyst  disslsdlsr  to  ths  strong  acids  but 
known  for  reactivity  and  cesplex  fomation  led  to  the  success¬ 
ful  use  of  anhydrous  aluBinum  chloride. 
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Discussion 

4»  She  use  of  small  amounts  of  anhycirous  aluminum 
chloride  with  an  acid  chloride  and  2«2,2*trlnitroethazK>l 
pansits  the  roaotion  to  proceed  rapidly  under  mild  con¬ 
ditions  either  with  or  without  a  solvmit.  Good  yields 
hawe  been  obtained  in  short  reaction  pex*iods  snd  the 
method  seens  to  be  generally  applicable.  However^  many 
aspects  of  the  process  hare  not  been  inrestigated  as  yet 
and  the  infonaation  contained  in  this  report  should  be 
considered  preliminsry. 

The  preferred  procedure  for  carrying  out  the 
reaotion  la  to  add  slowly  a  solution  of  organie  acid 
ohl^da  to  a  mixture  of  2»2,2-trlnltroathanol  and  a 
■sell  amount  of  aluainum  chloride  in  the  prea^ioe  of  a 
solvent  such  as  carbon  tetrachloride  or  ohlorofons  at 
taaiperatures  ranging  froei  40”C  to  the  reflux  teeperature 
of  W30  solvent.  Evolution  of  hydrogMi  chloride  gas  is 
vigorous  and  maintains  a  fair  rate  until  the  reaotion  is 
ocmilete.  Alternatively «  2,2^2-tnaitroethsnol  and  an 
sold  chloride  may  be  dissolved  in  a  solvent  and  powdered 
alumlBum  chloride  added  at  roon  temperature.  If  neceaaary 
this  reaction  mixture  may  then  be  warned  to  such  tampers- 
ture  that  vigorous  evolution  of  hydrogen  chloride  gas 
ocouTB  tndf  after  this  evolution  subaidea,  ending  with  a 
short  reflux  period  to  complete  the  reaction.  The  crude 
product  obtained  after  filtration  is  washed  with  iced 
dilute  hvdrochloric  acid  to  remove  aluminum  chloride  and 
reoryatallised . 

in  tha  abanaoe  of  a  solvent,  the  eatwrifioati^ 
reaotion  proceeded  vigorously  at  room  temperature  in  most 
oases  in  tha  presanoa  of  aluminum  chloride.  Xn  the  prepa¬ 
ration  of  bi8(M.nitroethyl)  succinate,  tbereaotioa  pro¬ 
ceeded  so  rapidly  that  tha  raaotiwit  mixture  set  to  a 
aolid  mass  of  precipitated  product  within  two  minutes. 

Sy  themaalvea  fumaryl  ohlorida  and  tnid,troethanol  did 
not  react  at  an  appraciabla  rate  below  100^,  but  did  react 
oQoplately  at  room  temperature  wilth  five  minutes  after 
alumimn  ohloride  was  added  (refctrance  5).  TWinitroethyl 
4,4,4-tnnltrobutyrate  was  preinand  from  4,4,4-trini^* 
butyryl  ohlorids  by  this  msthod  in  67%  yield  sfter  reory8ta:b> 
lisation. 


3o  far  tha  optimum  amount  of  aluminas  chloride  to 
usvv  has  not  been  detezninad.  The  quantities  which  were  used 
varied  with  tbe  conditions  of  axperlmant  and  with  ^  reac¬ 
tivity  of  the  acid  chlorides  .  Vor  experiments  where  no 
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solvent  was  used  quantities  of  aluraimM  chloride  equsl 
to  10-20$^  of  the  molar  quantities  of  the  acid  chlorides 
gave  satiafactory  resiiltsi  and  for  expeidnenta  using  a 
solvent  medium,  quantities  up  t;o  50^  molar  ratio  were 
used*  Reactant  concentration  xtas  0,4  mole  of  acid  chloride 
per  liter  of  solvent,  either  carbon  tetrachloride  or  chloro- 
fom,  with  trinitroethanol  in  10-203^  excess.  The  rate  of 
reaction  of  the  components  was  followed  by  leading  the 
hydrogen  chloride  gas  evolved  into  a  solution  of  silver 
nitrate  or  a  standard  solution  of  sodium  hydroxide ^ 

Plans  have  been  made  to  determine  the  relative 
effect  of  other  Friedel-Craft  tyi>e  catalysts  (of  which 
•luwii niiwi  chloride  is  only  one  example)  on  the  esterification 
reaction  and  to  determine  the  applicability  of  the  method 
to  other  polynitro  alcohols.  From  this  work  some  inf  or* 
mation  on  the  mechanism  of  the  reaction  may  be  obtained. 
Patent  appUoation  has  been  aubnitted  eovering  this  process . 

Experimental 

Results  axkd  infomatiop  on  the  conditions  uv^ed  in 
the  experiments  conducted  to  far  are  sumarised  in  Table  I. 
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